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To R. Creed, Esq., 

Secretary to the London and North-Westem Railway Company. 

24, Great George Street, Westminster, 

Jufy 7A, 1847. 
Dear Sir, 

In compliance with the request contained in your letter of the 17th April, 
I have considered the Report of Mr. Brunei to the Directors of the Great Western 
Railway Company, which has been submitted to the Commissioners of Railways, in 
explanation of the mode in which it is proposed to carry into effect their order, that 
the Narrow Gauge (as well as the Broad) shall be laid down on the Oxford and Rugby 
Railway, and also between Worcester and Wolverhampton on the Oxford, Worcester, and 
Wolverhampton Railway. 

From this Report, it appears that Mr. Brunei proposes, — 

First. Generally to lay the railways in question with one additional rail for the 
Narrow Gauge, this being the simplest plan ; but, wherever it may be more advantageous, 
to lay two additional rails. 

It s^pears also that Mr. Brunei prefers to adhere to the longitudinal sleepers used 
on the Great Western Line, having varied from, that system between Cheltenham and 
Gloucester rather in deference to the views of others than in accordance with his 
own views. 

Secondly. Mr. Brunei proposes either to mix the sidings and crossings for the two 
Gauges, or to keep them separate. It is not stated which of these Plans is preferred ; but 
the feasibility of either or both, where desirable, is affirmed. 

It is difficult to reply to this Report in its present form ; for though, under the first 
heading, the main difficulties as regards the laying of the rails are touched upon, they 
are not solved, and the Diagrams do not exhibit clearly the complications which arise from 
the introduction of the second Gauge, being merely rough sketches, and not scale 
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representations of crossings, &c., as actually laid in practice, and, under the second 
heading, no attempt is made to explain the mode proposed for carrying on the traffic 
at the Stations. 

I have accordingly prepared more detailed developments of the Diagrams* 
accompanying Mr. Brunei's Report, in order to shew the extent to which the rails are 
actually affected by the intersections which he exhibits by mere cross lines. I have 
also added Plans of approved Stations actually executed by Mr. Brunei and myself, com- 
posed of various parts, such as the first^mentioned Diagrams exhibit separately. Certain 
other Drawings are appended, which will be explained in their proper places. To all these 
Drawings I have preferred to add explanatory notes, rather than to encumber these general 
remarks with detail, which can only be understood by a careful study of the Plans them- 
selves. I would remark, that, without attention to these notes, it is impossible thoroughly 
to appreciate the difficulties which are alluded to in these observations. 

I now proceed to consider the difficulties attending the introduction of a second 
Gauge, both in the construction and working of a railway, and the best means of 
removing them, so far as may be practicable. 

I trust that the length to which my remarks will necessarily extend will appear to be 
justified by the importance of the subject. You will remember not only that the Great 
Western Railway Company are bound by the requirements of a Parliamentary Committee, 
and of the Board of Trade, to maintain a Narrow Gauge Railway, with all facilities for 
working it at the stations and along the line, from Rugby to Oxford ; but that they have 
further pledged themselves to connect Oxford with the Narrow Gauge South- Western 
chain of railways at Basingstoke, by means of a Narrow Gauge link through Reading. 

The establishment of an unbroken connection, by means of a safe and properly 
constructed Narrow Gauge Railway, between the two great Narrow Gauge systems of 
railway in the North and South of England, is therefore considered by the legislative 
authorities a matter of national concern, for otherwise the construction of a duplicate 
railway ninety miles in length would not be enforced. During the present session, more- 
over, not only have about one hundred and fifty additional miles of railway been proposed 
to be laid on the Mixed Gauge system, but various Parliamentary Committees have 
appeared to consider it important to insert in Railway Bills a clause binding Companies 
to lay down additional rails for another Gauge, on the Railway Commissioners deciding to 
exercise powers to order such additional rails. 

Since, then, the notion of this untried system of Mixed Gauge, and the reliance 
upon it as a remedy for the evil of a Break of Gauge, and as a compromise between the 

« See the accoropaDTuig Drawings. 
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conflicting systems of Gauge, seem to be spres^^ng both in Parliament and with the public, 
I am desirous not to let pass the present opportunity of treating the subject as completely as 
our present experience permits. 




Permanent Way. 

In considering the effect of introducing a Mixed Gauge as regards the construction 
of the permanent way, I omit, for the sake of brevity, all remarks on the mode of laying 
the additional rail along the main line where it is unbroken by the crossings, sidings, &c. 
ftec^yry for the carrying on of traffic at stations and other points. The mechanical 
P<4flHk ^^ laying down an additional or intermediate rail in such parts of the line is 
'and the expense of laying it down is given in Appendiic {L ; I ana, however, of 
opiiilon, t^at the keeping the road in repair under the three-rail system, even in those parts 
of the line where there are no intersections of the rails, will be troublesome and expensive, 
in |C0^seque^ce of the unequal action upon the rails. 

Premising this, I proceed to consider the di^iculties attending those points of 
divergence from, and intersection with, the main lin? which are the necessary accom- 
paniments of every railway serviceable for traffic. 

Fir^t then, following the order of Mr. BrMpel's remarks as to crossings : — 
My whole experience of railway arrangepients leads jxx^ to a concjus^on very different 
boxfx Mr. Bruisers, that crossings between the ixmn lines ar^ but rarely necessary. 
On the London and Birmingham Railway, for instance, a length of one hundred and twelve 
miles, there are no less than fifity-eight crossings, apd pn the lip^s in the porth, wh^re the 
mineral trafl^c is greater, l^eir number in proportion to the length of the railway is much 
increased. Indeed, wherever we engage to adinit traffic upon a railway, whether at passenger 
stations pr at intermediate points along the line, such a crossing bejt^een one main line and 
the other is necessary ; the ordinary process of returning a qarriage or waggon from any 
station capnot be effected without the intervention of such a crossing, and if a station is 
only on one side of a railway, as is sometimes necessarily the case, say the up sid^, the traffip 
from such a station may pass up without ci^ossipg th^ ^oyin ;line, but cannot pass down 
without crossing the up line ; so that on this account also a crossing is necessary. In one 
way or ot||er, ^hen, .qrqssings are necessftry wherever traffic arises ; from the annexed Plan 
of the Slough Station (Drawing No. 7)* laid out by Mr* Brunei, it wi)l be seen that at 
this st£)tiop.oply there are two crossings between the niaip lin^s. 

* Jltua dn wing has not, in consequence of its w^ and oomplexitj} been lithographed. 
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With reference to the mode of laying a through crossing on the three-rail system, 
I find, after the most careful attempt to introduce into the crossing the automaton switch 
(in the manner proposed by Mr. Brunei for uniting the Gauges), that room cannot be found 
for its efficient working (see Drawings 4 & 4a), it will therefore be necessary to use ad- 
dional half switches (at A and B Fig. 1, Drawing 4) for this purpose, rendering 
/ two switchmen necessary to work a crossing instead of one, and introducing into the 
Narrow Gauge traffic new chances of accident, arising from any failure of the two men 
working together. 

In stations laid out, as at Slough and Reading, on one side of the line, so that every 
train entering the station has to meet the switches, the risks attending these compl^^gs of 
arrangement would be most serious. 

On the same Drawing (No. 4) the alternative of separate crossings foiV^inwo 
Gauges is suggested, an arrangement which, from its simplicity, is preferable to that of 
mixed crossings, but requires more space. 

It is to be observed that the switches are by no means the only objectionable parts 
of a crossing, a junction between two lines of railway, a siding, or any other point where 
one system of rails necessarily intersects the other. Wherever another rail crosses the rail 
of the main line, a gap necessarily occurs in the main line, in order to allow the flange of a 
I wheel to pass as it goes along the cross line ; every such gap inflicts a blow on every wheel 
j that passe s over it, and the Jugher the speed the greater the blow. How much of the 
wear and tear of stock arises from this source, it is perhaps impossible to ascertain with 
precision ; but it is notorious that the wear and tear of a most important part of the 
machinery of a railway is mainly due to it — that of the wheels and axles. An i njury tho s 
sustained may not cause a n acci dent, as the wheel passes over the spot where the blow is 
inflicted, but may yet lead toone at another place, the cause of which cannot then be 

•H«^>^»^i>-. r*- •^■W 

determined. The bending, or partial fracture of an axle sets the wheel out of Gauge, 
and prepares for greater straining at the next point where the main line is intersected, and 
thus, by a succession of blows, breakage ensues, or even without breakage the carriage is 
thrown off the line. 

1 Again, the liability to run off is greatest at these places of intersection or gaps in 

the main rails. 

From the subjoined record (Appendix I. a) of the accidents which have occurred on 
the Midland Railway during the last twelve months, kept by Mr. Barlow, the resident 
engineer, it appears that on that line, seven-eighths of the whole number of accidents . 
of a most dangerous class (namelyi those resulting from trains getting off the rails) have 
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arisen at places where the continuity of the rail has been interru pted by sw itches or 



crossing points. To i ncrease the number of such gaps is, therefore, to add proportion ably 
to what experience has shewn to be the most frequent cause of accident of the most 
serious class. 

In Appendix I. the results of my examination of Mr. Brunei's diagrams are 
collected into a tabular form, shewing the mcreased number of such gaps in the con- 
tinuity of the main lines of rail, and of fixed points to be met by the trains, in stations^ at 
junctions, and at sidings, by the introduction of one additional rail, and by that of two 
additional rails. 

The description of switch referred to in this Table« is the single switch shewn 
in Fig. 1, Drawing A. 

This description of switch has been in most cases discarded, in consequence of the 
disadvantages pointed out in Fig. 3, Drawing A. It is assumed in these remarks, as the 
switch adopted for the Mixed Gauge, because it is that form suggested by Mr. Brunei as 
the most applicable. 

With regard to the advantages claimed by Mr. Brunei as attending the use of this 
switch under certain circumstances, it is only necessary to state that these advantages, such 
as they are, are purchased by the adoption of an inferior form of switch, involving an 
additional gap and fixed point in the common main rails. (See Fig. 3, Drawing A.) 

Referring to the Table of particulars (Appendix I.), it is only necessary here to 
state generally, that. 

In the case suggested in Drawing No. 1 (of Mr. Brunei) : — 

There will be two additional half switches, two additional crossing points, two 
additional pairs of over crossing points, four additional gaps, and three additional 
meeting points, to be passed over by the trains of either one Gauge or the other, 
or by both. 

In the case of Drawing No. 2 (of Mr. Brunei) : — 

There will be switches at four difierent places instead of at two^ as with the Single 
Gauge, and there will be two additional crossing points, two additional pairs of over 
crossing points, six additional gaps, and four additional meeting points, to be passed over 
by trains of either one Gauge or the other, or by both. 

In the case of Drawing No. 4 (of Mr. Brunei) : — 

There will be two automaton switches, of a novel and unsafe construction (see 
Drawing 4^), to be passed over by every train using the crossings, one of these switches 
being placed the wrong way so as to meet all the trains in one direction. There will also 
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be two additional half switches, four additional crossing pbints, two additional pairs of oviBr 
crossing points, six additional gaps, and foUr additional meeting points, to be passed over 
by trains of either the one Gauge or the other, or by both. 

In the case of Drawing No, 5 (of Mr. Brunei) : — 

There will be two automaton switches, as in Drawing No. 4, to be passed over by 
every train using the crossing, one of these switches being placed so as to m^et all 
the trains in one direction; there will also be five additional crossing points, four 
/ additional pairs of over crossing points, nine additional gaps, and four additional meeting 
points. 

In the case of Drawing No. 6 (of Mr. Brunei) : — 

There will be switches at four different places instead of at two, as with the Single 
I Gauge ; there will also be six additional crossing points, four additional pairs of over crossing 
points, twelve additional gaps, and eight additional meeting points, to be parsed over by 
trains of either one Gauge or the other, or by both. 

Alljhese additio nal j oints of danger, arising from additional intersections of the rails 
(with the exception of the automaton switches in Drawings 4 and 5), occiir on the main 
JJBfiS of raila,; so that an accident arising at one of these points would affect the traffic else- 
where, and delay and embarrass, in all probability, other trains than that to which the accident 
occurred. 

The three-rail system thus increases the interruptions or gaps in the main lines of 
rails, and the still more objectionable meeting points, in the proportion of about two to one, 
and the four-rail system about as three to one. But if we compare the results of the record 

*^Mi»._ ^^^^^— — ^^i^*™** ■ill _ I III III i« I I r ' - 1> ^ 

of accidents onTHe Midland Line with the table of . additional intersections, and take into 
account the necessary increase in the number of trains attending the use of a Mixed Gauge, 
referred to hereafter in these remarks under the head ^^ Traffic Arrangements," I consider that 
the three-rail system would increase the danger in the proportion of at least four to one, and 
the four-rail system as five to one, from that cause which has been proved by experience to 
produce seven-eighths of the railway accidents consequent upon engines or carriages running 
off the line. 

It is further to be cotisidered that the more closely these interruptions of the main 
line occur, the more difficult it will be to keep the line in good working order, and this far 
beyond the direct proportion of the tiuniber of such interruptions. 

From Drawing No. 9 (showing a junction laid with two rails, with three, and with 
four) it will appear that, as the number of crossing points increase, the main l^ne rail becomes 
cut up into shorter lengtfas, and the shorter the length of rail, whether of Mr. Brunei's bridge- 
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rail dn longitudind timbers, or of the double J rail on cross sleepers, the moredifficult it neces- 
sarily becomes to fix and maintain it. 

From the same Drawing (No. 9), and from the other Drawmgs, it also appears, tiiat 
the dheek-rails^ at present used as palliatives of danger, become more difficult to apply just 
as the danger or the necessity for such check rails increases.; there being in some cases no 
room at all for 4hem; as, for instance,. in such complications as arise in some portions of 
Slough Station, and at over-crossing. points generally. 

In the Mixed Gauge system, therefore, we are partially deprived of a palliative, 
which is deemed essential to ^fety under the Single Gauge system, although we need it 
more than under the ordinary system. 

T%e danger encountered by a fast-train passing through astation without stopping, } I I 
will, from these causes, be greatly aggravated. 

From the whole of tlie preceding considerations, the following general conclusions, 
in reference to the effect of the Mixed Gauge system on the perman^t way, are drawn, — 

First. That the four-rail system increases the complication so much as to be 
inadmissible, except where absolutely necessary, as at tumplates, &c. 

Sectrndiy. That notwithstanding the exercise of the utmost care in construction and 
maintenance of way, the mixture of Gauges, either by means of Uiree or four rails, introduces 
in the road itself a greatly increased risk of accident^ entirely incapable of remedy, and ^ / ) 
scarcely justifiable by any^ considerations of mere convenience. 



Arrangement of Stations. 

In considering, in the next place, the arrangements of Stations, which will be neces- 
sary on a railway of Mixed Gauge, the question of mixed or separate sidings and crossings 
must be considered n^ore fully than is dcHie in Mr. Brunei's report. 

It may be stated at the outset that the separate system will require separate switches 
at separate places, instead of the connected half-switches added by the mixed system, while 
it will also introduce an increased number of crossing points ; but the separate plan will 
render them more simple and more easy to lay with proper checks, and to keep in repair. 

The idea of arranging Broad and Narrow Gauge stock promiscuously together, 
suggests immediately great inconvenience. 

As regards apare stock, the separate system of arrangement is on the face of it the 
more convenient, because, whenever an extra vehicle of any kind is wanted, its Gauge being 
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an essential part of the demand, less shifting of the stock will necessarily be required if the 
two classes are kept separate, than if they are placed promiscuously together ; labour and 
time will thus be saved by separating them. 
(1 Common sidings for both Gauges could only be used alternately for vehicles of the 

one Gauge or the other, not for both at one time, but if once such sidings were laid down, 
there could be no security against their being used for both kinds of stock at the same time : 
it is therefore necessary clearly to point out the danger which would arise from such a 
practice. 

This danger will be readily appreciated by any one who has stood by and observed a 
carriage at a station come into contact with another, while a porter stands perfectly secure 
between the buffers, the carriage bodies being prevented by the projection of the buffers from 
approaching so close as to crush him. 

By reference to Drawing (No. 10), it will be seen that the carriages of the ordinary 
construction. Narrow and Broad Gauge, when standing together on a common three-rail 
siding, will not buff together, the buffers missing each other, and coming in contact instead 
with the opposite carriage-frames. It is unreasonable to expect that a porter shall always, in 
the hurry of business, be able to consider whether an approaching carriage is Narrow or 
Broad Gauge, and, consequently, whether he is safe or not if engaged in the siding : at any 
rate no such danger should be thrust upon him by defective arrangements. To render a 
three-rail common siding safe, it would then be necessary to alter the buffers of the entire 
stock of the whole connected system of railways, using such siding, in such way that the 
Narrow and Broad carriages should buff together ; for when once a number of railways are 
connected into one system, the stock finds its way to every part of the system at one time or 
other ; indeed, it is the very object of the proposed mixture of Gauges, that goods and pas- 
sengers may proceed to their destination without change of vehicles ; Narrow or Broad 
Gauge vehicles must be everywhere in turn as the traffic demands; and, until all of 
them are made to buff indiscriminately together, there can be no safety for porters in a three- 
rail siding. Accidents of this nature occurred from the use of stock not buffing together on 
the Glasgow and Greenock Railway until the remedy was applied : within a short period 
seveKdj^ersons were injured, somefatalTy. 

Besides the clanger to the men, it is clear that the buffers of every carriage 
(whenever two of different Gauges come together) striking the cross framing of the other 
carriage instead of the longitudinal framing or buffer ends, would knock the carriages to 

I pieces ; one or two blows of this nature, indeed, would in all probability so shake the 

I framing of a carriage as to make it unsafe. 
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Again, in the moving about of stock at stations of considerable traffic, engine-power 
is used with much advantage. In the same Drawing (No. 10), a Narrow and Broad 
Gauge carriage are shewn coupled, to draw attention to the fact, that in a three-rail siding 
used promiscuously for both kinds of stock, this economical and necessary power cannot 
be used without much danger of throwing the vehicles off the rails by the oblique line of 
traction which results. 

Whenever tumplates are required, the three-rail system must be converted into tne 
four-rail system, as the action of a turnplate implies a concentric arrangement. 

For these reasons, the application of the three-rail system at stations appears 
entirely inadmissible. 

It may here be remarked, that collisions on a three-rail Mixed Gauge line 
between trains of different Gauges, would necessarily be even more disastrous in their 
consequences than under the present system; the blow would be oblique, and would, 
therefore, tend to twist and double up the train, and so to bring the carriages into a position 
in which they would be least able to resist the crushing force. 

The four-rail system for sidings has already been shewn to involve a greatly 
increased number of dangerous points of intersections. It would also be inconvenient at 
the platforms. 

The only alternative, then, is to lay separate sidings for the two Gauges, or, in 
other words, completely to duplicate the station arrangements. 



Traffic Arrangements. 

I now proceed to consider how far the number of trains required is ^affected by the 
mixture of Gauges. 

The object of a Mixed Gauge professes to be, to afford to the public the same 
amount of convenience as they would derive from an uniform system of one Gauge. 
Under such a system, passengers or goods firom Banbury (for instance), either northward 
to the Narrow Gauge district, or south-westward to Bristol, or other places now on Broad 
Gauge lines, would be able to proceed, without change of vehicle, by any train of the day 
which might be most convenient. To retain the same amount of accommodation on a 
Mixed Gauge line, it is clear that the same number of trains daily would be required of 
each Gauge, that is to say, the amount of trains collectively would need to be doubled. 
The stock would therefore be nearly doubledi the amount of labour and expense in 
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despatching the trains would be much increased, the risk of collisiona would be fully 
doubled, and the profit of course would be diminished, as the public accommodation would 
not be (by the supposition) increased, but would only remain the same as it would be under 
y an, uniform Gauge. 
* * i f^it/i^%x4 »pjjg interest of a Company possessing a Mixed Gauge line would therefore clearly 
v^ / i/4 H 1^^^ jQ reduce expense by working mainly on one Gauge, choosing whichever might be most 
i^l/^'^'O"" in accordance with their general interests, in which case, it is clear, that they would 
>u Uv^/'K' 110 longer afford the public (as was implied by the proposal of a Mixed Gauge Line) the 
Ir7 A^^ ' o^ same advantages which would have been derived from a separate line of that other Gauge, 
( ; ^^ //*>^^ "^e working of which would inevitably be, for the reasons we have considered, discouraged- 



Cost. 



\ 



Approximate estimates of the expense, arising in various ways from the mixture of 
Gauge, are appended. By Appendix IL it will be seen that the additional expense arising 
from laying the Narrow Gauge (with the necessary facilities for working it) on a Broad 
Gauge Railway, would be about 5,974/. per mile, while, by Appendix III., the increased 
annual expense of maintenance and working, exclusive of interest on additional capital, 
would be at least 500/. per mile pf^r nnnum This latter estimate is founded both on my 




general experience of the expense of working and maintaining railways, and on a return of 
the actual cost per train per mile on the London and Birmingham Line, where, from the 
great number of trains, the cost 'per train is low. 

If, as is generally done in such cases, we capitalise this annual expenditure of 500/., 
it will amount (at 4 per cent) to 12,500/. ; adding this to 5,974/., the total additional cost 
of a Mixed Gauge Line would be 18,474/. per mile. 

For this vast additional outlay, we should get an inferior railway, less safe and less 
efficient than the ordinary form of railway. 

Looking at the question of cost in another light, and having regard to the fact 
that one principal reason for the establishment of the Narrow Gauge on the Oxford and 
Rugby Line, was the accommodation of the coal traffic of the north ; this extra annual 
expense of 500/. per mile for working would, if saved, ibe sufficient ifpr the carriage qf 
120,000 tons of coal per annum over the whole length of the.'roilway free of all charge, or 
adding 4 per cent, interest on the original outlay of 6,974/. for the carriage of 177,360 
tons.* 

• Over the whole railway, allowiDg a penny per ton per mile for the expense df carriage. 
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Or, applying the result to passengers, the whole average number of railway 
passengers travelling per mile per annum is about 180,000 ; a Railway Company might 
therefore take off Id. per mile from all its passengers' fares, for the same annual sum 
as the laying and working the additional Gauge would amount to. 

I have in the foregoing remarks endeavoured fairly to appreciate, and, as far as 

possible, to point out the means of obviating, by the separation of the stations and traffic, 

the difficulties both of original construction, of maintenance, and of working, arising froni 

the mixture of Gauges, as well as to estimate the probable additional expense of the 

system. 

What, then, are the advantages to result from its adoption ? 

By 9 Narrow Gauge Line from Rugby through Oxford to Reading and Basing- 
stoke, the through traffic from the Narrow Gauge districts in the north and north-east will 
be carried without interruption to tlie south, south-west, and south-east, and the communi- 
cation of the agricultural counties, through which the Oxford and Rugby Line passes, with 
the coal-fields of Leicestershire will be effected. 

On the other hand, the only ostensible object of the Broad Gauge on the line 
between Oxford and Rugby, is the connexion of Exeter, Bristol, and the agricultural 
districts passed through by the Great Western Railway, with the towns of Banbury and 
Rughy, and with the district (also agricultural) between Oxford and Rugby, and this local 
object, we have seen, can only be purchased at a great cost and by a sacrifice of safety. 

In the case of the Oxford, Worcester, and Wolverhampton Line, a main design of 
which is to afibrd accommodation to the owners of mineral property in conveying their 
heavy produce to the works of their customers, the increased cost of the Mixed Gauge 
arrangements will to a great extent, if not entirely, defeat the local object which it is 
proposed to effect. 

Stock for both Gauges will have to be furnished and maintained ; extra lines for 
the connection of the works with the railway to be laid down, and extra space for the 
carrying on of the traffic to be provided ; this, where t he cost of carriage forms a large 
part of the price of t he article when d elivered to the consumer, will clearly be a heavy tax 
on the producer, if it does not, indeed, in many cases, amount to an absolute prohibition 
of railway conveyance. ' ""^ 

^'" It is important to observe, that the termini of this Mixed Gauge system, intro- 
duced to remedy the evils of the Break of Gauge, become themselves again the sites of 
other Breaks of Gauge, at one or other of which all through traffic from a Narrow Gauge 
to a Broad Gauge district, or vice versdy must be transferred. Thus, by the Mixed Gauge 
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system, the evils hitherto confided to one district will be repeated in new and distant parts 

of the country. 

The Break of Gauge, in short, cannot be remedied by the mixture of Gauges, until 

such mixture becomes co-extensive with railways themselves, and thus, after enormous 

expense, we should arrive at last at uniformity, but without the simplicity of construction 

and arrangement which can alone insure the economy, safety, and eflSciency of the railway 

system. 

I am. 

Dear Sir, 

Yours truly, 

(Signed) Robert Stephenson, 
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APPENDIX I. 
TABLE SHOWING COMPLICATIONS AHISING FROM MIXED GAUGE. 



HlLf-SWlTDHM 



OTiB-CBDUiira 



II III IV 



Hr. Brnnel'i Diairnun Ko. 1 1 " SidiaB 
' both Oauge*" Drawing 1 

Ur.BruDd'a Diftgram No. S, -'Sidings 
for Narrow and Broad Oaa^ ae- 

paraCrly" Draniag S 

Mr. Brunei's DiagrHtn No. 4, " CroM- 
■ " Drawiuft 4 

Croaainp Tor two Qaoge* laid Mpa- 
ratel; Drawing 4 

DUto ditto laid tngeliiFr 
n IV Rail aplctn Drawing 4 

Mr. Brunera Diagram No. 6, " Crow- 
ing witb Siding for both Qaages" 

Drawings 

Mr. BruDGl'a Diagram No. 6, "Sidings 
for narrow and Broad Gauges lepa- 
latelf on IV Rail Bf «t«m" Drawiug 

Bloo^ Station „ 7 

Covrntry Statioa „ 6 

A JnncdoD „ 



The Boman Namerali dlttlngniah the Single Qange tjMem of II 
Balli, and tbe Mixed Gauge tjirenu of III RalU and IT Ralli. 

Hw letter* B. aod N. dlitingiiiih the Broad and Narrow Qanga 
line*. 

Ai Mr. Bmnet'i Diagram! Noa. S and B, althongh he nipptlea tvw 
ddlngi, being of different Oangea tbej aSbid only the tame de- 
acrlpUOD of accommodation ai mw on a Single Gange Ldne. The 
point*, ke. reqnired ate, thenfetfe, compered with iboee of one 
aiding. Single Qaugs. 

By reftrenee to Colomn " Vtbt of Orer-CroBeing P^Dti," it will 
be eeeo that thli kind of potnta Ii teij dliproportionatel; inocased 
by the Introductloii of nil* nt • leeoBd Qmnge, on dther the III or 
IT Ban qrttem. 



From thli Table it appear* tliat the III Ball Mixed Qaage lyitem 
about donblei the amount of obetructioDi od the Haln Line from 
gaps and meeting point*. Bat, a* It li abown (Obaenatiou*, p. Ifi) 
that tbe number of train* on the Mixed Qaage moat be doubled, in 
order to coarfy the uoie amount of traffic with equal eouienience to 
the public ei a Single Qaoge Line under an uniform By*tem, it 
appear* that, even naing the III Rail lyatem ai the atmpleat, the 
mixing of Oange at 1ea»t qoadrnple* the amount of ohetmetioii* 
ariaing from gapa and meeting polnta on tbe main line of rail*; 
and to the (am* extent, nt laatt, tncreaica the danger of accident* 
from tbie Boorce, to which (see Obaerrations, p. 10) (evpn-eightha 
of tbe aecident* leaaltlng from engine* and eaniagea getting off tlw 
laU* ue to be attributed. 
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APPENDIX. 



APPENDIX La. 



MIDLAND RAILWAY. 



Length of Railway about 800 miles. 



Record of Accidents from Engines or Trains getting off the Line, from April 1846 to April 1847, 

attributable to Switches or Crossing Points. 



DATB. 



1845. 


April 


18 




18 




27 




27 


May 


3 



19 



19 



June 6 



17 



Aug. 5 
July 3 
Aug. 25 



Sept. 



29 
4 

17 
17 

30 



NATURE OF ACCIDENT. 



Engine off Rails at Points, Derby yard, 
North end. 

Do. do. South end. 

Shunting at Coke siding, near Eckington. 

Waggons (3) off a crossing, Kingsbury. 

Engine (Goods) shunting into siding, lead- 
ing to large turn-table (Masbro*). 

Pilot engine off at points, leading to Park- 
gate branch. 

Engine at points leading to engine-shed, 
Normanton. 

8 Waggons shunting into goods sidings, 
Birmingham. 

Engine ditto, near Park-gate works, 
Masbro'. 

Engine coming out of M. C. engine-shed 

on to Derwent-bridge. 
Ditto at North Junction, Derby. 

Ditto at points leading to engine-shed, 

Derby. 
Waggons at sidings, Birmingham end. 
Tender at first crossing, north branch. 

Engine at points near coal-yard, Sheffield. 

Ditto at points (locality not stated). 

Do. shunting to the turn-t^ble, Nottingham. 



REMARKS. 



Mounted crossing. 

Goods' train shunting for passcinger train. 



Heel chain broken. 



Two chairs had been fixed on the line, one 

of them in the opening between the 

switch and the rail. 
Mounted at crossing, curve sharp, engines 

coupled too tight to tenders. 
Points wrong, pointsman absent from his 

points. 



Plate layers had been laying in a wing rail, 
and left it too tight. 

Cotter left out of lever rod. 
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MIDLAND BAHM AY .—Becard of Accidetits contaaud. 



DATS. 



1845. 
Oct. 6 

5 

19 

Not. 6 
12 

Dec. 15 

1847. 
Jan. 



Feb. 



7 

7 

7 

31 

• 

8 
17 



March 6 



6 

6 

30 



NATURE OF ACCIDBNT. 



Engine coming out of engine-shed, Derby. 

Ditto mounted crossing. 

Ditto at points at Park-gate works, Shef- 
field and Rbtherham. 

Ditto at Points, Nottingham. 

Tender mounted crossing coming out of 
M. C. shed. 

Engine at crossing west end of Derwent- 
bridge. 

Engine near ticket platform, Birmmgham. 

Engine and break ut facing points, Shef- 
field tunnel 

Engine mounted crossing M. C. engine- 
shed, Derby. 

Tender at points. North Junction. 

Engine at crossing in Cheltenham Station. 

2 Waggons facing points, Camp-hill. 

Passenger engine ran into goods siding at 
Gloucester. 

Engine at crossing, Derwent-bridge. 

Ditto mounted at crossing, Belper, while 
shunting. 

Mail engine o£P at points. Clay Cross. 



Leeds and Bradford goods engine at points, 

Leeds. 
Engine at north end, Derby-yard. 
Waggons at Moseley ballast siding. 
Engine shunting to coke-shed, Derby. 



REMARKS. 



Broken chair. 

Engine too tight coupled. 



No person holding points. 
Curve very sharp. 

Engine too tight in Gauge. 



Break in front of engine; guard's leg 

broken. 
Curve too sharp. 

Shunting without any one holding points. 

Cotter shaken out of connecting-rod. 
Supposed from points having been purposely 

fastened. 
Check-rail not tight enough. 
Curves sharp and engine coupled tight. 

Platelayers in changing points had left 
them unfinished at night and keyed up. 
A goods train having occasion to shunt, 
the guard removed the key, and omitted 
to replace it. 

Broken tie-rods. 



Total number of Accidents attributable to Switches, or Crossing Points 

Attributable to Switches 21 



>» 



to Crossing: Points 



17 



Occurring at one end or the other, (which, not capable of being ascertained) 1 



. 39 



Total 



. 39 



AfPmtDTK. 



tUeord of Accidents not attnbutabU to Stoitehes or Crossing Points. 



DATE. 


NATURB OF ACOIDBNT. 


RBMABKB. 


1846. 






Aug. 5 


Engine at Oakenshaw. 


A rail taken out in repairing line : engine- 






driver neglected to observe the signals. 


Dec. 26 


Waggons at Badgeworth Embankment, 


Road in good order : supposed to have 




near GHoncester. 


arisen from a waggon out of gauge. 


1847. 






Feb. 8 


Pilot Engine, near Cheltenham. 


Ganger had opened out too great a length 
of baulk-road. 


24 


Engine on curve, 10 chains radius, near 
Derby. 


A joint-chair left unfinished. 


Mar. 20 


22 Waggons, near Masborough. 


Plate-layers relaying had left a loose key. 



Total number of Accidents not attributable to switches or crossings 

The tottd number qf Accidents from engines and trains getting off the Une 
during &e year was therefore ...... 

39, or seven-eighths, of which were directly attributable to switches or crossing 
points. 



44 



APPENDIX 11. 



JEstimate of the expense of adapting a Broad Gamge BaHway to a Narrow Gauge Traffic in addition to 
Broad Gauge Traffic. Under the Three Rail arrangement suggested ly Mr. Brunei. 



EXPENSE PER MILE ADDITIONAL. 

Permanent way 

M. Bruners estimate given at page 367 of the Appendix, to Report 
of Qauge Commissioners is — 

(The rails being taken at 10/. per ton) .... £2^600 
To this must be added for additional ballast admittedly 
omitted by Mr. Brunei, per mile 195 

£2,695 

Sidings^ derived from the actual cost on the London and Birmingham 
Railway, per mile 

Points and Crossings, derived from the actual cost on the London and 
Birmingham Railway, per mile 

Passenger Stations, allowing nothing for additional platforms or offices, 
a very moderate additional shed-room at Road Stations, only 
18002. additional for shedding at each terminal station, and no- 
thing additional for land 

Goods Stations 

For very moderate accommodation, if the stodc is to be kept 
separate, as shown to be necessary from consderations of 
safety and convenience in remarks (page 13) 

Float. Taking only half of the actual cost of the plant per mile on 
the London and North- Western Railway, and allowing one 
engine and tender for erery two miles 

Additionalper mile of doable way 



£2,695 



150 



194 



172 
688 6 



2,076 
£5,974 



APPENDIX III. 



Additional annual cost of working a Mixed Gauge Line. Expense per Train per Mile on the London 

and Birmingham Railway, 



The following Table shews the expense of Passenger Trains. That of Goods Trains is greater by M. 

per train per mile. 



Maintenance of Way . 
Locomotiye Power 
Police . . . . 

Coaching and Merchandise 
Coach and Waggon Repairs 
Depreciation of Stock 
Mileage Duty 
Rates and Taxes 
General Charges 

« 

Total 



Actual Expense 

on the 

London and Birmingham 

Railway. 



8. d. 

b\ 

1 
2 
7| 
2\ 
4 
6i 








3 

2 



3 8 



Proportion 

chargeable on Trains 

upon the 

Additional Gauge. 



9. d. 

2 

11 

OJ 

3J 

2 

3 



1 10 



Nine additional Trains per day each way, for 312 working days, would amount to 9 x 2 x 
Is. 10(2. X 312 = 5I4Z. 16s. per mile per annum additional. 
Say 600/. per mile additional. 

The average expense of working thirty-six Passenger Railways per mile (according to Mr. 
Laing's Statistics of British Railways, page 14), was about 1400/. per annum. 

The additional expense of working a Mixed Gauge Railway, as compared with a Single Gauge 
Railway, is thus taken at something mdre than one-third of the whole expense of working a 
Single Gauge Railway. 
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MR BRUNEL'S REPORT ON THE DOUBLE GAUGE, TO WHICH THE FORE- 
GOING OBSERVATIONS OF MR. R. STEPHENSON APPLY. 



To THE Directors op the Great Western Railway Company. 

18, Duke-Street, Westminster, 
16th January 1847. 

Gentlemen, 

I have deferred reporting to you upon the mode in which I should recotnnaend 
to introduce the Narrow Gauge upon the Oxford and Rugby Railway, because, as the time 
was not yet arrived for laying the rails, it was not absolutely necessary ; and as whatever tnode 
I might recommend would, as a matter of course, become the subject of criticism by those 
who resist the mixture of Gauges as affecting the question of the use of the Broad Gauge, I 
did not wish at an earlier period than necessary to give this new occasion for introducing 
into any question that might come under discussion, either before the public or before Parlia- 
ment, any part of the old and vexatious questions of Gauge. As, however, it is desired by 
the Board of Trade that some particular plan should now be determined upon, I beg to say 
that my present intention is to recommend on the Rugby Line a single additional rail to each 
line of rails or separate railway, and that the outer rail of each railway should be common to 
the two Gauges in the manner shown in the accompanying plan. 

This is the simplest mode of uniting the Gauges, and, if it be so desired, admits, 
without any complication whatever, of the running of all the trains of both Gauges into the 
same sidings, and up to the same passenger platforms, and, if the switches be coupled or con- 
nected exactly, as if no diversity of Gauge existed. This will be apparent by the accom- 
panying plan. No. 1, while at the same time an advantage may actually be derived from the 
Double Gauge, which may be made the means of keeping two classes of traiGBc totally distinct, 
if such be desired, without the possibility of the trains belonging to the one running into the 
sidings used by the other when one train has to pass the other, an arrangement which would 
be particularly applicable to the Rugby Line, if, as has been assumed by the advocates for 
laying the Narrow Gauge on this line, a large through coal trade is to come upon it from 
the northern Narrow Gauge lines. 

Thus, as shewn on Plan No. 2, a siding may be made into which the Narrow Gauge 
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trains would run, and the switch for which could not affect the Broad Gauge trains, which 
could therefore run past at full speed without having any switches to attend to ; and the 
Narrow Gauge lines might be carried in like manner past any siding intended solely for the 
quick Broad Gauge trains, as shewn in the same figure. 

Crossings from onfe line to the other are, at least on the Great Western lines, of 
rare occurrence aild but little used, and on the Great Western Railway they are always 
kept locked, and used only in case of accident on the stoppage of one line. They are upon 
all railways placed leading backwards, so that they cannot, even if the switches be wrong, 
affect the running trains, and are only used at very low speeds. If, therefore, there were 
any such complication as has been alleged, it would be quite unimportant ; but the annexed 
plan. No. 4, shews that they may be perfectly simple, and as easily worked when they may 
occasionally be required as with the Single Gauge. By this arrangement there is only one 
switch and point on each main line, but even that, as has been before stated, being placed 
in the direction of, and not meeting the running train, may be disregarded. The other 
switch is not on the main line, and, moreover, would be self-acting, and being moved by an 
opposite check rail, would open and shut of itself according to the gauge of the wheels 
running past it. Such a crossing, therefore, would be as nearly as possible as simple in 
respect of each Gauge as an ordinary crossing. 

In Fig. 5. is shown a crossing, such as we prefer them on the Great Western 
Railway, combined with the siding or lay-by. As it is seldom that the emergency arises 
for using a crossing, without at the same time rendering a siding a useful aid in this 
arrangement, the crossing may be made either common to the two, or the advantage of 
separating two classes of traffic may be obtained, as before, by working the traffic on 
different Gauges, and keeping the crossing as well as the sidings distinct. See Fig. 5. 

Although I have recommended as a general principle, on the Rugby Line, the 
adoption of a third rail only, and the making the outer rail the one common to the two, 
yet there may be parts of the line where I should prefer two additional rails, making a 
distinct Narrow Gauge within the Wide, as shown in Fig. 6. 

With respect to the mode of laying the rails, either longitudinal timbers, as on the 
Great Western Railway, or transverse sleepers, as on the London and Birmingham Rail- 
way, may be used. In either case, the mode of laying is not affected by this circumstance 
of the additional rail or rails. Either three or four longitudinal timbers, each with its rail, 
may be framed together just as two are now, or as three or four or even more now are at 
crossings or in stations, or three or four chairs may be bolted on one sleeper. It is in this 
latter mode that I have arranged with Mr. Barlow, the engineer of the Midland Railway 
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Company, to lay the Mixed Gauge which was originally provided for by Parliament 
between Cheltenham and Gloucester ; but where I should be uninfluenced by the desire 
to meet the view of others, I should give the preference to longitudinal timbers. 

I am, Gentlemen, 

Your obedient Servant, 

(Signed) I. K. Brunel. 

To the Directors of the 
Great Western Railway Company. 



Letter from the Commissionbrb of Railway to the Directors of the London and North 
Western Railway Company, enclosing a Copy of Mr. Brunel'8 Report on the 
Double Gauge. 

Office of Commissioners of Railways, 

29, Great George Street, Ibth April 1847. 

Sir, 

I am directed by the Commissioners of Railways to transmit to you for the 
information of the Directors of the London and North- Western Railway Company a copy of 
the Report and Plan furnished by the Great Western Railway Company, of the method 
proposed by them for laying down the Narrow in conjunction with the Broad Gauge upon 
the Oxford and Rugby line, and to inform you at the same time, that a model of the 
proposed method has been deposited in this office, and it is open for the inspection of the 
Directors, or any person they may wish to send for that purpose. 

The Commissioners, at the same time, request that any observations the Directors 
may have to make upon the proposed plan, may be communicated in writing for their 
consideration. 

I have the honour to be, 

Sir, 

Your most obedient Servant, 

Frederick W. A. Bruce. 

To the Secretary of the 
London and North-Westem Railway Company. 
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LIST OF DRAWINGS ACCOMPANYING MR STEPHENSON'S OBSERVATIONS 

ON MR BRUNEL'S REPORT. 

Exact copies of the Diagrams which accompanied Mr. Branel's report are gi^en in these Dra^ Ings. 

In these Diagrams, being merely sketches, the gaps in the rails, the fixed points, and other important details 
connected with the intersections of the rails nndor the Double Gauge system, are omitted. 

Under each of Mr. BmneVs Diagrams, therefore, a detailed drawing on the same scale is added in which 
these omissions are supplied. 

In order to prevent confusion in the references ^ the Drawings, the figures (distinguishing the Diagrams) 
adopted in Mr. Brunei's report are preserved. 

Drawing A. — Explanatory of terms used in the observations. 

„ 1-2. — Mr. Brunei's sketch of a siding for both Gauges conjomtly. 
The same, with the more important details inserted. 
Mr. Bruners sketch of separate sidings for Broad and Narrow Gauge lines. 
The same, with the more important details inserted. 

„ 4. — Mr. Bruners sketch of a crossing for both Gauges conjointly. 
The same, with the more important deUuls inserted* 

„ 4a .-^Drawing of an automaton switch. 

„ 5-6. — Mr. Branel's sketch of a crossing, together with a siding for both Gauges conjointly. 
The same, with the more important details inserted. 
Mr. Bruners sketch of separate sidings for Broad and Narrow Gauge lines. 
The same, with the mor^ important details inserted. 

„ 7-8. — Rough plans of Slough and Coventry statioAS, the roads being la^d. 
As at present. 

Under the three-rail Mixed Gauge system, and 
Under the four-rail Mixed Gauge system. 
[These Drawings, in consequence of their size and complexity, have not been lithographed.] 

„ 9.— Comparative plans of a junction between a railway and a branch railway. 
As at present laid. 

Under the three-rail Mixed Gauge system, and 
Under the four-rail Mixed Gauge system. 

„ 10. — Drawing of a Broad and Narrow Gauge carriage, on a three«ail sidmg, as proposed by 

Mr. Branel, shewing how they will be circumstanced as to buffing and drawing 
together. 
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PLAN OF A JUNCTION. 



DRAWING N? 9. 
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